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Summary

Back disorders have long been recognized as a serious problem within the military aviation
community and a possible threat to mission accomplishment. The purpose of the present study
was to determine the extent to which type of aircraft flown is associated with diagnosed back
problems, and to examine differences in the prevalence of back disorders between pilots and
aircrew. A case-control study was conducted in which active-duty pilots and aircrew members
with a diagnosed back disorder on their most recent physical exam between 1991 and 1993 were
compared with pilots and aircrew without such diagnoses. Data were obtained from the
automated physical examination records maintained by the Naval Aerospace and Operational
Medical Institute for all naval aviation personnel. Results showed that aircrew members have a
higher risk of diagnosed back problems than pilots for both helicopters and fixed-wing aircraft.
The study revealed that flight engineers have a higher risk of diagnosed back problems than other
aircrew members. Among pilots, no association was found between type of aircraft and diagnosed

back problems.
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aircraft, age.



In a recent health promotion survey, approximately half of the active-duty Navy sample
reported some type of back problem in their lifetime (33). The Navy has conducted research and
implemented programs to attempt to reduce back problems within its population (4,18,19,32);
indeed, back injury prevention is one of the seven major elements of the Navy’s Health Promotion
Program, as directed by the Department of the Navy (5). Prevention has been critical in dealing
with back disorders in both military (32) and civilian (27,28) populations, and it is facilitated by
identifying risk factors or predictors of back problems (32). Such predictors are often work-
related variables, such as type of job performed or tools utilized in job performance (28,32).

Due to the nature of their work, pilots and aircrew are held to stringent physical readiness
standards in order to be considered qualified for flight. While many conditions may impact ability
to perform flight duties, problems involving the back are serious because of the many
microtraumas incurred by the spine during flight. Certain types of back problems can be greatly
exacerbated by flight conditions and can, in the extreme, lead to disability (23). Less severe back
problems may be an unacceptable distraction from concentration needed to perform duties during
flight, or they can inhibit the mobility needed for flying and performing flight-related duties.
According to the Naval Aerospace and Operational Medical Institute, in-flight back pain occurs in
13% of pilots, with a greater reported incidence for helicopter pilots (23). Auffret and Viellefond
reported that helicopter pilots were twice as likely as the general population to have back
problems involving decreased mobility of the spine (7). They postulate that this is due to the
repeated exposure to vibration helicopter pilots experience. While pain alone is sufficient

distraction to decrease performance, it could also be an indicator of other more serious back




problems. Conditions that may lead to minor performance problems in a more traditional work
place could have catastrophic consequences if they impeded an aviator’s ability to complete
actions critical to flight.

Most aviator back problems not resulting from ejection from aircraft or crash impact are
attributed to three factors: poor body positioning in the aircraft, vibration, and high G forces.
Preexisting conditions may also contribute to the effects of these factors (1). The posture and
overall body positioning of pilots is a common issue that has been examined as a cause of back
problems, particularly in helicopter pilots. Helicopter aviators often must maintain leaning
positions to manage their controls, and, in many cases, do so for extended periods of time. While
deleterious posture alone may only cause back discomfort, in conjunction with the effects of
vibration and acceleration, it increases the likelihood of damage (7).

Thoracic fractures and herniation of the lumbar disks in aviators have been attributed to
the effects of vibratjon (7). Vibrational forces are distinguished by their frequency, amplitude, and
velocity, which at different levels can have various effects. Auffret and Viellefond noted that the
frequencies at which the human body has the least amount of tolerance are those at which most of
the vibrations in aviation occur (7). Vibrations are most common at such levels in helicopters.

G-forces are most commonly cited as potential causes for back problems in high-
performance aircraft. G-forces are forces that counteract the physiological acceleration of the
body and have several components that moderate their impact on the aviator (7). These include
“the axis in which the forces are applied, the magnitude of the accelerations, the time for which

the accelerations are applied and their rate of onset or suddenness” (7). Their impact on the pilot



includes compressing and jolting the spinal column. The effects of G-forces have been linked to
lesions in the ligaments around the vertebrae and to the manifestation of latent thoracic and
lumbar arthritis (7). Since the intensity and abruptness of the accelerations involved varies with
aircraft and types of maneuvers, different aircraft types may have different levels of G forces
generally associated with them. This would imply the potential for different types and levels of
severity of back problems. Each of the above factors has differential impact on the body,
depending upon the type of aircraft flown. They are present in varying combinations in most of
the aircraft types flown in the U.S. Navy.

In addition to the previously mentioned work-related variables, back problems have been
found to vary by demographic variables, such as age, gender, and ethnicity (7). For example, age
has been found to have a positive linear relationship to some types of back problems in male
subjects, suggesting that gender and age could be potential predictors of risk (16). By identifying
risk factors or predictors of back problems including work-related variables, such as aircraft and
type of job performed, and demographic variables, such as age and gender, prevention efforts
could be more effectively targeted.

The study of aviators and back problems in the literature over the past decade has tended
to focus on the problems experienced specifically by helicopter pilots, or on spinal injuries
sustained due to accidents in both helicopters and fixed-wing aircraft (3,9,10,25-27,30). When
addressing the topic of aviation-related spinal problems in pilots of various fixed-wing types of
aircraft, neck problems were often the focus (6,11,21). Whitton, however, did note that spinal

disorders causing back pain were more likely to occur in fighter pilots than in other types of pilots




(31). Remes attributed this to increased pressure on the spine due to the position in which fighter
pilots must work and the hours they must spend in that position (24). Aviation life support
equipment that fighter pilots must use has not been ruled out as a contributing factor. A 1986
study, which compared back pain in fighter pilots, transport pilots, and helicopter pilots, found
that fighter pilots had significantly more chronic pain, longer lasting pain, pain requiring bed rest,
and pain radiating to the leg (8). The study also found that the pain reported by helicopter pilots
was more likely to occur immediately after flight, while that of fighter pilots tended to occur at
other times.

Aircrew also are susceptible to the external conditions that can harm pilots. Being in the
same aircraft, they are expected to perform their duties under similar conditions of vibration and
deleterious posture, although the posture often varies from that of the pilot. Aircrew members
often are expected to look at screens or strain to use other equipment critical to their job tasks.
As a population, they also are at risk for back problems, and, in some cases, where lifting is a part
of their job, they may even be at a greater risk than the pilot of the aircraft. Often studies
analyzing back problems will group aircrew members with pilots or will focus solely upon the
pilot. This study will examine diagnosed back problems in both groups.

A case-control study of aircraft type and diagnosed back problems may illuminate which
pilots are at risk for back problems, and help to better target prevention efforts. A few studies
have examined general health conditions of aviators in the U.S. Navy by aircraft type (12-15).
Hoiberg found a significant relationship between aircraft type and 9 of 14 health problems in her

1984 study (12). The Hoiberg study presented “diseases of the back™ as a whole and did not



include fractures and strains of the back, thus precluding an examination of the range of potential
back problems.

The primary purpose of this study was to determine the prevalence of a wide range of
diagnosed back problems among pilots and flight crew, and to examine the extent to which the
type of aircraft was associated with back problems. The primary hypotheses are (1) that the risk
of back problems will vary with type of aircraft for both pilots and aircrew; (2) that aircrew
members will have a significantly greater likelihood of diagnosed back problems than pilots; and
(3) that specific back disorders will vary with job category, defined as pilot or aircrew.
MATERIALS AND METHODS
Study population: Pilots included all U.S. Navy pilots and flight officers with occupational codes
indicaiing an Aviation Warfare specialty. Classes of U.S. Navy pilots were determined using only
Service Group 1 (SG1), SG2, SG3, and Naval Flight Officer (NFO) classifications (N=5095),
with students and candidates excluded. These officer standard classifications are distinguished by
their physical requirements, particularly vision standards, with SG1 having the most stringent
standards (23).

Aircrew included all enlisted aircrew members classified as designated for fixed-wing,
ejection seat, flight engineer, airborne sonar operator, flight communications operator, helicopter
aircrew, helicopter rescue aircrew, cryptology, and search and rescue duties (N=2580). A cross
check was performed with the duty status of all pilots and aircrew selected to verify that they
actually were working in their current designation; otherwise, they were eliminated from the

sample. Only those pilots and aircrew members who were active duty, reserves, or ready reserves




were included in the sample (N=7675).

Cases were comprised of those subjects with back problems diagnosed during their
physical exam, with controls consisting of all other U.S. Navy pilots and aircrew without
diagnosed back problems. Diagnosed back problems were defined using the International
Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) and included all codes

of injury or disease specifically related to the back, as shown in Table I.

TABLE I

Procedure: The Naval Aerospace and Operational Medical Institute’s (NAMI) automated
physical examination records, maintained on all naval aviation personnel, were the source of the
data used in this study. This computerized database system, the Aviation Medical Data Retrieval
System (AMDRS) incorporates a double data entry reliability checking scheme and has been
described in detail elsewhere (2,17). Data included the most current physical examinations from
January 1991 to December 1993 for all subjects.

Variables included for comparison of both pilots and aircrew were age, gender, ethnicity,
and aircraft group (fixed-wing or helicopter). Age was divided into a trichotomy of under 30, 30-
40, and over 40 years of age. To make job category comparisons between aircrew members and
pilots, the designations for aircrew and aircraft type for pilots were collapsed to form overall
helicopter and fixed-wing aircraft groups. The helicopter group contained all pilots with
helicopters as primary aircraft types and all aircrew members whose designation was helicopter or

helicopter search and rescue. The fixed-wing  group contained all pilots with propeller or jet
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Table I. PERCENT DISTRIBUTION OF TYPE OF BACK DISORDER BY JOB
CATEGORY, NAVAL AVIATION PERSONNEL, 1991-1993.

Pilots
Type of back disorder N % '
Intervertebral disc disorders * 40 46.5
Other dorsopathies T 15 17.5
Curvature of the spine ¥ 18 20.9
Other injury or disease 13 15.1
of the back
Total 86 100.0

*ICD-9 codes: 722.10-722.39, 722.50-722.70, 722.82-722.90, 722.92-722.99

TICD—9 codes: 720-720.99, 721.2-721.99, 724.0-724.99

*ICD-9 codes: 737.1-737.99

§ICD—9 codes: 733.0-733.09, 738.4-738.59, 739.20-739.49, 756.1-756.19, 781.9, 805.2- 805.79,

806.2-806.79, 839.20-839.49, 846.0-846.9, 847.1-847.9, 926.11, 952.1-952.99, 953.1-953.8

8a

Aircrew

N %

36 42.4

28 32.9
8 9.4

13 15.3

85  100.0

Total
N Je
76 444
43 25.1
26 15.2
26 15.2
171 100.0




primary aircraft types and all aircrew members whose designation was fixed-wing, ejection seat,
or flight engineer. Aircrew designations for which a sole aircraft group could not be distinguished
were excluded from the analysis between pilots and aircrew, leaving 93 aircrew members (such as
sonar operators, flight communications operators, and cryptologists) who were not included in the
comparison.

One variable available solely for pilots was primary aircraft type, and it included five

categories: Attack and Fighter Jet, Other Jet, Propeller Antisubmarine Warfare, Other Propeller,

and Helicopters. One variable available solely for the aircrew was job designation, which was
defined by aircraft type for those designated for general aircrew duties (fixed-wing, ejection,
helicopter), and by aircrew specialty for those who were designated for special duties, which they
were qualified to perform within any applicable type of aircraft (including airborne sonar
operators, flight communications operators, cryptologists, and those with standard search and
rescue designation). Cumulative flight hours at the time of the exam were unavailable for all
subjects; however, for subjects with flight hours available, age and flight hours were strongly
correlated at r=0.62 (p<0.001). Therefore, age may be considered a proxy for number of flight
hours.

Statistical analyses were conducted using the SAS statistical package. The procedure
FREQ was used to produce descriptive statistics and the chi-square test of association. Crude
and adjusted odds ratios (ORs) with 95% confidence intervals (CIs) were calculated to determine
the risk of back disorders within the total sample, and separately within pilots and aircrew.

Cochran-Mantel-Haenszel tests were conducted to examine significant relationships between job



category and diagnosed back disorder by age, gender, and ethnicity.
RESULTS

A total of 171 of the 7675 subjects, 2.2% of the sample, were diagnosed with some type
of back problem. The most commonly reported back disorder was intervertebral disc disorders
(44.4%), followed by other dorsopathies (25.1%), and curvature of the spine (15.2%). Table I
shows the frequency distribution of each diagnosis by job category. Among the aircrew,
mtervertebral disc disorders were most common, followed by other dorsopathies, while among
the pilots, intervertebral disc disorders were most common, followed by curvature of the spine
(X*=7.98, p=0.046).

No association was observed between back problems and gender or ethnicity for either
pilots or aircrew (Table II). The only factor with a significant relationship to back problems was
age group, with pilots over the age of 40 having a greater proportion of reported back problems
than younger pilots. Younger aircrew members were also less likely to have diagnosed back
problems, and those aircrew members with back problems were significantly younger than pilots
with back problems (mean age.irrew=33.0 years, SD=7.69; mean ageyns=39.6, SD=7.67, T,=5.56,
p=0.0001). Analyses showed that age and specific diagnoses also were significantly related to

each other with disc disorders more common among older personnel (X’s=15.9, p=0.015).

TABLE 1II

As shown in Table III, only flight engineers were more likely to have a diagnosed problem

when compared with those designated for other aircrew jobs. Table IV shows the distribution
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of aircraft types for pilots with and without back problems. No significant difference between

pilots with back problems and those without back problems was found for any aircraft type.

. TABLES III AND IV

In examining the relationship between diagnosed back disorders and aircraft group, no
significant difference in risk was found (OR=0.70, 95% CI=0.45, 1.08). However, when aircrew
are compared with pilots, aircrew members had significantly more diagnosed back problems than
pilots within both helicopter and fixed-wing aircraft groups (Table V). Adjusting for age,
helicopter aircrew members had more than three times the risk for back problems compared with
helicopter pilots. Among fixed-wing aircraft personnel, aircrew had more than two times the risk
as pilots. As tests for homogeneity revealed significant differences among the odds ratios in the
fixed-wing aircraft group (X%,=7.3, p=0.026), individual odds ratios for each category were

calculated (Table VI).

TABLES V AND Vi

Among fixed-wing personnel under 30 years of age, the risk of diagnosed back problems
in aircrew was three times that compared with pilots, and among those between the ages of 30
and 40, the risk of diagnosed problems in aircrew members was almost four times that of pilots.

11




Table III. ODDS RATIOS AND 95% CONFIDENCE INTERVALS ACCORDING TO JOB

DESIGNATION, NAVAL AIRCREW WITH AND WITHOUT DIAGNOSED BACK

DISORDERS, 1991-1993.

Job Designation**

Fixed-wing

Ejection Seat

Flight Engineer

Helicopter

Helicopter Search and Rescue
Airborne Sonar Operator

Flight Communications Operator

Cryptology

Search and Rescue

Total

*Qdds ratio significant at 0.05.

With Back Without Odds 95%
Disorders Back Ratio  Confidence
Disorders Interval
N % N %
54 635 1691 67.8 0.83 (0.53, 1.30)
1 1.2 9 04 329 (0.46,23.36)
17 200 227 9.1 2.50*  (1.47,4.25)
5 59 162 6.5 0.90 (0.36, 2.25)
8 94 323 129 0.70 (0.34, 1.46)
0 0.0 17 0.7 Not Applicable
0 0.0 6 0.2 Not Applicable
0 0.0 22 0.9 Not Applicable
0 0.0 38 1.5 Not Applicable
85 100.0 2495 100.0

**mutually exclusive categories, coded by NAMI

lla



Table IV. ODDS RATIOS AND 95% CONFIDENCE INTERVALS ACCORDING TO

AIRCRAFT TYPE, NAVAL PILOTS WITH AND WITHOUT DIAGNOSED

BACK DISORDERS, 1991-1993.

Aircraft Type

Attack and Fighter Jet

Other Jet

Propeller Antisubmarine Warfare
Other Propeller

Helicopter

TOTAL

Back
Disorders
N /]
25  29.1
9 10.6
32 372
9 10.5
11 12.8
86 100.0

11b

Without Odds 95%
Back Ratio  Confidence
Disorders Interval
N %
1203 240 1.30  (0.81,2.07)
644 129 0.79  (0.40, 1.60)
1639 32.7 1.22  (0.78,1.89)
596 119 0.87 (0.43,1.73)
927 185 0.65 (0.34,1.22)
5009 100.0
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Table VI. ODDS RATIOS AND 95% CONFIDENCE INTERVALS FOR DIAGNOSED
BACK PROBLEMS IN AIRCREW MEMBERS COMPARED WITH PILOTS BY AGE
AND AIRCRAFT GROUP, 1991-1993.

Helicopter Fixed Total Sample
Odds 95% Confidence Odds 95% Confidence QOdds 95% Confidence
Ratio Interval Ratio Interval Ratio Interval
Age Group
<30 1.36 (0.28, 8.16) 2.96 (1.38, 6.36) 2.62 (1.30,5.28)
30-40 3.69 (1.11, 12.22) 3.81 (2.35,6.19) 3.78 (2.42,5.92)
>40 8.73 (2.71,28.17) 1.18 (0.58, 2.38) 1.64 (0.89, 3.00)
Unadjusted 2.26 (1.02, 4.98) 2.02 (1.46, 2.78) 2.04 (1.51,2.75)
Age-adjusted 3.55 (1.66, 7.57) 2.59 (1.83, 3.67) 2.73 (1.99,3.76)
Homogeniety
of odds ratios X*=2.91,p=0.233 X%,=7.296, p=0.026 X%=4.546, p=0.103

Note: O=pilot, 1=aircrew; 0=no back problem, 1= back problem.
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In contrast, fixed-wing aircrew over 40 years of age were not at higher risk for back problems in

comparison with pilots.
DISCUSSION

Contrary to expectations, the first hypothesis that risk of back problems would vary with
type of aircraft for both pilots and aircrew could not be supported. However, the increased
prevalence of diagnosed back problems among aircrew members supported the second
hypothesis. The finding that aircrew members had significantly more back problems than pilots
for both helicopter and fixed-wing aircraft may be because aircrew members are more likely to
carry heavy equipment than pilots, to perform work more likely to cause injury during flight than
work performed by pilots, or because aircrew members have a greater tendency to report
problems to a flight surgeon during a physical exam than pilots do. Each of these areas may be
contributing to the differential patterns detected for aircrew and pilots, and, therefore, should be
explored in further research. The differences in the frequencies of diagnosed back problems
between the two groups also may be an indication of different tasks involved in their jobs that are
contributing to their specific back problems. While both groups were most likely to have
intervertebral disc disorders if back problems were present, the aircrew members’ greater
tendency toward unspecified disorders of the back and the pilots’ toward spinal curvature may
represent the effects of different factors in their work environments. Since pilots, as a group, are
older than aircrew members, age could be a contributing factor, but subjects with spinal
curvature, as a whole, were not older than those with other back problems. Preexisting

conditions of spinal curvature cannot be ruled out; they are still of importance since they can
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make both pilots and aircrew members more susceptible to other back problems. The possibility
also exists that those who are selected as pilots are of such physical conditioning that they are less
susceptible to the back problems associated with the forces involved in flying. Other possibilities
may be that pilots have an advantage of a protective anticipatory musculature by virtue of their
“being in the driver’s seat”, or that certain high performance aircraft that do not carry aircrew
confer less risk of back disorder. Further, given the strong association between age and
cumulative flight hours, the finding that pilots with diagnosed back disorders were older than
pilots without may point to time-dependent effects in back disorder risks. Caution should be
noted, however, in that only longitudinal studies will be able to detérmine the direction of such
effects, such as whether back problems are the result of a greater number of flight hours or if
pilots cut back on their flight time due to back disorders. Future research that would shed more
light on back problems directly attributed to flying should include comparisons of entry flight
physicals with later physical exams to eliminate the effect of preexisting conditions. This also may
indicate if some preexisting conditions are more likely to increase prevalence of back problems
with only certain types of aircraft or under specific flying conditions.

This study proved to be more valuable in illuminating back problems in aircrew than in the
pilots, even though more specific information about aircraft type was available for pilots than for
aircrew. Flight engineers were found to have a significantly increased likelihood of back problems
when compared with all other aircrew members, which could be attributed to the specific type of
function they perform. Flight duties for flight engineers include monitoring engine and hydraulic

performance while positioned in the aircraft between the pilot and copilot. Ground duties include,
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but are not limited to, inspecting the aircraft, and servicing oil and fuel. It is possible that duties
performed while not in flight may contribute substantially to the increased prevalence of back
problems in flight engineers. Factors that should be examined to determine the nature of flight
engineers’ increased risk of back problems include those that could differentiate their tasks from
those of other aircrew members, such as the type of equipment they use and the position in which
they use it.

An important strength of this study is its population-based approach in which all aviator
and aircrew personnel who had a physical exam between 1991 and 1993 were eligible to be
included. This population included all available women; however, the small number of female
pilots and aircrew members did not allow for a focus on potential gender differences within the
same aircraft type or job designation. While few significant results specifically addressed back
problems in pilots in this study, our findings do not completely rule out the possibility that aircraft
type has some association with back problems in this group. The greatest limitation of the study
was the reliance upon pilots’ self reports of symptoms to the examining physician that are
necessary for the medical diagnosis of back problems. Because reporting back problems or injury
to a health care professional may result in being grounded, pilots may be very reluctant to disclose
their problems. While grounding and loss of flight-related benefits also affect aircrew members,
they may have less of an effect on underreporting since grounding has less impact on career
progression in the less competitive aircrew jobs. That is, pilots could be less inclined to express
symptoms during an examination than aircrew members due to a perceived greater loss of benefits

and status in the event of grounding. Indeed, anecdotal evidence suggests some pilots visit
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chiropractors for their back problems to avoid having the need for treatment noted on their
military medical record. Aviation psychology may also be an issue involved in underreporting.
After enduring the rigorous processes involved in becoming a pilot, a tendency to view oneself as
invincible, invulnerable, and capable of handling all situations can develop (22). This type of
attitude, which saturates a pilot’s career, might also lead him/her to be less inclined than other
groups in the Navy to tolerate the possibility of grounding for medical reasons and, conversely,
more inclined to tolerate pain and physical damage. The competitive edge may make the threat of
grounding all the more severe and less tolerable.

In this review of physical examinations from 1991 to 1993, less than 2% of pilots reported
any type of symptomology that led to the diagnosis of a back problem by their physician. Due to
the impact of maintaining flight hours and flight status, pilots of all types of aircraft are likely to
underreport medical problems. Degrees of underreporting may vary based upon the command,
the relationship with the flight surgeon, and the individual’s fears about the impact of down-time
on his/her career (20). A suggestion for further research would be an attempt to approximate the
degreg of underreporting, which could then be factored into studies examining diagnosed back
problems as well as other medical issues affecting aviators. Strategies to reduce the prevalence of
underreporting also should be examined in future research, as should the relationship between
underreporting of health issues and accidents, as well as other performance issues.

Another area for future research is the relationship between the strength of the back
muscles and their influence on the spine’s susceptibility to damage. This area may have some

predictive validity and should be examined as a preventive measure for both helicopter and fixed-
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wing aircraft pilots and aircrew. A combined effort by the U.S. Air Force and U.S. Navy has
resulted in the creation of a physical fitness program specifically designed for the purpose of
muscle strengthening to increase tolerance to G forces (34). The physical fitness measures in the
program, however, have limited emphasis on the strengthening of the muscles of the back. Similar
programs for helicopter pilots and aircrew are now being examined and both types of fitness
efforts should be strongly encouraged, since research has shown that four of ‘the most commonly
diagnosed back problems in the Navy would benefit from such programs (4). Delahaye, Auffret,
Metges, Poirier, and Vettes suggested strategies designed to develop the lumbar region, including
“postural and stretching exercises for the spine and exercise involving the abdominal, gluteal and
dorsolumbar muscles” to increase the strength of the muscles protecting the spine (7). An
examination of the implementation of such a program and further research into the impact of
strengthening these muscles might provide some degree of prevention and control over back
strain and problems normally experienced by pilots and aircrew. Since aircrew members have
more diagnosed back problems, they would be a good group to target research that tests a muscle
strengthening strategy. This also might be one of the areas where the flight surgeon could
provide insights and suggestions about proper exercise techniques for the aircrew members to
utilize on their own time. If these techniques prove to offer some substantial relief for the
aircrew, pilots may follow suit as a preventative measure due to the seriousness of the
consequences of grounding. Since most of the other factors implicated in current research are
only correctable through ergonomic changes to the aircraft, this may be one of the more fruitful

areas to concentrate on in examining risk and reduction of back problems.

16



ACKNOWLEDGMENTS

Special thanks are extended to CAPT Larry Frank, Mr. James Kiesling, and Ms. Frances
Murphy of the Naval Aerospace and Operational Medical Institute; LCDR Bruce Ortel of the
Naval Aerospace Medical Research Lab; Dr. R.S. Pozos and CDR Steve Feith of Naval Health
Research Center; and LT Catherine Wilson of Naval Air Station Miramar for their helpful

contributions to this study.

17




REFERENCES

1. Advisory Group for Aerospace Research and Development. The musculoskeletal and vestibular
effects of long term repeated exposure to sustained high-G. NATO Advisory Group for
Aerospace Research and Development, AGARD-AR-317, (Eng) 1994; 49-52.

2. Bailey DA, Gilleran LG, Merchant PG. Waivers for disqualifying medical conditions in US
Naval Aviation personnel, Aviat. Space Environ. Med. 1995; 66:401-7.

3. Bowden T. Back pain in helicopter aircrew: literature review. Aviat. Space Environ. Med.
1987; 58:461-7.

4. Chesson CV, Hilton SM. The epidemiology of back-related hospitalizations among US Navy
personnel. San Diego, CA: Naval Health Research Center; 1988 Report No.: 83-18.

5. Chief of Naval Operations. Health Promotion Program (OPNAV INSTRUCTION 6100.2).
Washington, DC: Department of the Navy, 1992.

6. Clark JB. Cervical dystonia following exposure to high-G forces. Aviat. Space Environ. Med.
1990; 61:935-7.

7. Delahaye RP, Auffret R, Metges PJ, Poirier JL, Vettes B, Viellefond, H. Physiopathology and
pathology of spinal injuries in aerospace medicine (2nd ed). NATO Advisory Gfoup for
Aerospace Research and Development, AGARD-AG-250, (Eng) 1982; 48-53, 226-60,
276-80, 293-6.

8. Froom P, Barzilay J, Caine Y, Margaliot S, Forecast D, Gross, M. Low back pain in pilots.
Aviat. Space Environ. Med. 1986; 57:694-695.

9. Froom P, Froom J, Van Dyk D, Caine Y, Ribak J, Margaliot S, Floman Y. Lytic

18



spondylolisthesis in helicopter pilots. Aviat. Space Environ. Med. 1984; 55:556-7.

10. Froom P, Hanegbi R, Ribak J, Gross, M. Low back pain in the AH-1 Cobra helicopter. Aviat.
Space Environ. Med. 1987; 58:315-8.

11. Hamalainen O, Visuri T, Kuronen P, Vanharanta H. Cervical disk bulges in fighter pilots.
Aviat. Space Environ. Med. 1994; 65:1444-6.

12. Hoiberg A. Differences in health risks by aircraft mode] among US Navy pilots. San Diego,
CA: Naval Health Research Center; 1984 Report No.: 84-28.

13. Hoiberg A. Longitudinal study of cardiovascular disease in US Navy pilots. San Diego, CA:
Naval Health Research Center; 1985 Report No.: 85-7.

14. Hoiberg A, Burr R. Longitudinal study of the health status of US Navy combat pilots. San
Diego, CA: Naval Health Research Center; 1985 Report No.: 85-12.

15. Hoiberg A, Burr R. Assessing the health risks of carrier landings in US Navy pilots. San
Diego, CA: Naval Health Research Center; 1985 Report No.: 85-24.

16. Hoiberg A, White JF. Tracking health promotion data in the US Navy. San Diego, CA: Naval
Health Research Center; 1991 Report No.: 91-24.

17. Kiesling J, Marshal M, Benton P, Whited J. User’s guide for microcomputer physical
examination generator (Micro-88) and Micro- 88 standard operating procedures, V. 2.0,
Pensacola, FL: Naval Aerospace and Operational Medical Institute, 1993.

18. Kilbourne B, Chesson CV, Hilton SM. Medical and non-medical predictors of disability
discharge disposition for Navy personnel with a back problem: focus on entitlement. San

Diego, CA: Naval Health Research Center; 1988 Report No.: 88-20.

19




19. Kilbourne B, Chesson CV, Hilton SM. Predicting short versus long hospital stay for Navy
personnel with a back problem. San Diego, CA: Naval Health Research Center; 1988
Report No.: 88-26.

20. Klein WB. A survey of the flight surgeon’s rapport with the pilot. Aviat. Space Environ. Med.
1984; 66:15-9.

21. Knudson R, McMillian D, Douchette D, Seidel MA comparative study of G-induced neck
injury in pilots of the F/A-18, A-7, and A-4. Aviat. Space Environ. Med. 1988; 59:758-60.

22. Myhre G. Aviation psychology in the operational setting. In Neurological, psychiatric and
psychological aspects of aerospace medicine. AGARDograph 324, Neuilley-sur-Seine,

1991; section 3.

23. Naval Aerospace and Operational Medical Institutes. Aeromedical reference and waiver
guide. Pensacola, FL: NAMI, 1994:11.1-11.7.

24. Remes P. Locomotor problems of supersonic aviation and astronautics. Bailliere's Clinical
Rheumatology 1989; 3:111-19.

25. Sandstedt P. Experiences of rocket seat ejections in the Swedish Air Force: 1967-1987. Aviat.
Space Environ. Med. 1989; 60:367-73.

26. Shanahan DF, Mastroianni GR. Spinal injury in a US Army light observation helicopter. Aviat.
Space Environ. Med. 1984; 55:32-40.

27. Singh R. Backache in Chetak crew and suggested ergonomic improvements in aircraft seat
design. Aviat. Med. (India) 1983; 21:123-130.

28. US Department of Health and Human Services. Healthy people 2000: national health

20



promotion and disease prevention objectives: full report, with commentary. Washington,
DC: DHHS; 1991 Publication No. (PHS): 91-50212.

29. US Department of Health and Human Services. ICD-9-CM international class’ification of
diseases, clinical modification. 3rd ed. Washington, DC: DHHS; 1989 Publication No.
(PHS) 89-1260.

30. Visuri T, Sho J. Injuries associated with the use of ejection seats in Finnish pilots. Aviat.
Space Environ. Med. 1992; 63:727-30.

31. Whitton RC. Medical disqualification in USAF pilots and navigators. Aviat. Space Environ.
Med. 1984; 55:332-336.

32. Woodruff SI, Conway TL, Bradway L. The US Navy Healthy Back Program: effect on back
knowledge among recruits. San Diego, CA: Naval Health Research Center; 1992 Report
No.: 92-12.

33. Woodruff SI, Conway TL. US Navy health surveillance: Part 2. Responses to a health
promotion tracking survey. Military Med. 1994; 159: 32-7.

34. Crisman RP, Burton RR, eds. Physical fitness program to enhance aircrew G tolerance.
Brooks Air Force Base, TX: USAF School of Aerospace Medicine, 1988; Report No.:

SR-88-1/NAMRIL.-1334.

21




and Budaet, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

revian ¢ Ve WFE WV ¢ WA

Pmammummamuummam1 hour per response, lmmmmmmm‘.m
oumn:hnm.Mammummmm”unmﬂnmmmguwbmndhmmm mwm
mumammwdmmdimm,wudhqmmbrndnnﬂlm 1o Washington Headquartars Services,
Directorats for information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Mmton wmoz-aaozm»umamw

1. AGENCY USE ONLY (Lsave blank) 2. REPORT DATE
September 1996

3. REPORT TYPE AND DATE COVERED
Interim 1991 to 1993

4. TITLE AND SUBTITLE '
su Aircraft Type and Diagnosed Back

Disorders in U.S. Navy Pilots and Aircrew

5. FUNDING NUMBERS

Program Element: 65152N
Work Unit Number:6001

6. AUTHOR(S) C.M. Simon-Arndt, M.A., M.B.A.; H. Yuan,
M.S., Ph.D.; L. L. Hourani, Ph.D., M.P. H.

M0106.001-6001

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

Naval Health Research Center
P. 0. Box 85122

San Diego, CA 92186-5122

8. PERFORMING ORGANIZATION
Report No. 96-27

9. SPONSOR!NGIMON!TORING AGENCY NAME(S) AND ADDRESS(ES)
Naval Medical Research and Development Command
National Naval Medical Center
Building 1, Tower 2

10. SPONSORING/MONITORING
AGENCY REPORT NUMBER

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution is
unlimited.

12b. DISTRIBUTION CODE

13. ABSTRACT (Maximum 200 words)

alence of back disorders between pilots and aircrew.

pilots and aircrew without such diagnoses.
Medical Imnstitute for all naval aviation persomnel.

copters and fixed-wing aircraft. The study revealed

higher risk of diagnosed back problems than other aircrew members.
no association was found between type of aircraft and diagnosed back problems.

Back disorders have long been recognized as a serious problem within the military
aviation community and a possible threat to mission accomplishment.
of the present study was to determine the extent to which type of aircraft flown

is associated with diagnosed back problems, and to examine differences in the prev-

The purpose

A case-control study was con-

ducted in which active-duty pilots and aircrew members with a diagnosed back dis-
order on their most recent physical exam between 1991 and 1993 were compared with
Data were obtained from the automated
physical examination records maintained by the Naval Aerospace and Operational

Results showed that aircrew

members have a higher risk of diagnosed back problems than pilots for both heli-

that flight engineers have a
Among pilots,

back problems, fixed-wing, helicopter, aircraft, age.

aviation, pilots, aviators, aircrew,

15. NUMBER OF PAGES

16. PRICE CODE
17. SECURITY CLASSIFICA- 18. SECURITY CLASSIFICA- }19. SECURITY CLASSIFICA- 20. LIMITATION OF ABSTRACT
TION OF REPORT TION OF THIS PAGE TION OF ABSTRACT
Unclassified Unclassified Unclassified Unlimited

NSN 7540-01-220-5500

Standard Form 298 {Rev. 2-89)
Prescribed by ANSI Std. Z39-18
254-102




